correlation analysis further displayed the significant correlation (P < 0.01) among biofilm 32 structure parameters, and weak correlation (P < 0.05) between biofilm related genes and 33 biofilm structure parameters. In conclusion, our results novel discovered that V.
correlation analysis further displayed the significant correlation (P < 0.01) among biofilm 32 structure parameters, and weak correlation (P < 0.05) between biofilm related genes and 33 biofilm structure parameters. In conclusion, our results novel discovered that V.
34
parahaemolyticus biofilm related genes were actively expressed and biofilm biomass was 35 continuously increased, biofilm structure was tremendously changed after cold shock. This 36 study underscored the risk that biofilm cells had the ability to adapt to low temperature shift. Biofilms are widespread in natural environments, especially on the surface of food and 41 medical biomaterials, which threaten human safety from persistent infections. Previous 3 from two aspects. On the one hand, the changes of biofilm biomass and EPS contents, the 48 expression of biofilm related genes directly described that pre-formed bacterial biofilm could 49 not be controlled efficiently in cold environment. On the other hand, the CLSM images 50 revealed biofilm morphological structure change, the correlation analysis showed inner 51 relationship among biofilm structure parameters and biofilm related genes. These results
52
suggested that cold shock fail to restrain pre-formed bacterial biofilm, therefore be a potential 53 risk in nature environment. under cold shock conditions were illustrated in Figure 1 . Overall, with the growth of 114 incubation time, biofilm biomass was increased ( Figure 1A) ; the viable cells in planktonic 115 were gradually decreased with the increasing of treatment time ( Figure 1B 
123
To evaluate the effects of cold shock on EPS production, we analyzed the total 124 exopolysaccharides and proteins in EPS of the pre-formed biofilm treated from 12 h to 60 h.
125
As shown in Figure 2 , the exopolysaccharides contents increased continuously, and no gradually, whereas the genes opaR and vopS were expressed without significant difference.
148
However, after cold shock, T3SS genes (vcrD1, vcrD2β and vopD1) were down-regulated.
149
Earlier studies showed that vcrD1 and vcrD2β encoding an inner membrane protein (35), and 150 vopD1 are essential for translocation of T3SS1 effector of V. parahaemolyticus (36) . 151 The results showed that the biofilm cells have adapted to the low temperature shift and 152 form a more stable structure to defend the adverse environment. This was consistent with the 153 findings of biofilm biomass changes and EPS changes. In the present study, In conclusion, cold shock (4 °C and 10 °C) could induce the changes of genes expression 253 related with biofilm and impact biofilm structure, causing that the survival biofilm cells adapt 254 to the low temperature shift gradually. Therefore, bacterial pre-formed biofilm exposed to 255 cold shock was not entirely inhibited, which still be a potential risk in nature environmental. Confocal Laser Scanning Microscopy (Carl Zeiss, Jena, Germany) with a 20× objective.
325
Biofilm structure morphology in three dimensions was analyzed using Image Structure Analyzer-2 (ISA-2) (57,58). Table 2 The correlation among biofilm structural parameters. 
